To study the cellular infiltrate that occurs within the airways of infants with respiratory syncytial virus bronchiolitis, samples of airways secretions were obtained by bronchial lavage from the lower respiratory tract of infants ventilated for this condition and from the upper airway of non-intubated infants with this disorder using nasopharyngeal aspirates.
Abstract
To study the cellular infiltrate that occurs within the airways of infants with respiratory syncytial virus bronchiolitis, samples of airways secretions were obtained by bronchial lavage from the lower respiratory tract of infants ventilated for this condition and from the upper airway of non-intubated infants with this disorder using nasopharyngeal aspirates.
Cytospin samples were prepared so that differential cell counts could be performed on the cells obtained and alkaline phosphatase-antialkaline phosphatase immunocytochemical analysis of lymphocyte subsets was carried out using a panel of monoclonal antibodies, which included anti-CD3, anti-CD4, anti-CD8, anti-CD19, and anti-TcR-y.
Results from the lower and upper airways were similar. Large numbers of inflammatory cells were obtained, of which neutrophils accounted for a median of 93%/o in the upper airway and 76% in the lower airway. The numbers of CD8 positive cells detected were small and consistently less than CD4 positive cells, median CD4:CD8 ratios being 22*5:1 and 15:1 for the lower and upper airways. CD19 positive cells were rarely observed and no y8 positive lymphocytes were detected.
These results indicate that neutrophils probably play a major part in causing symptoms in these infants. They do not support the concept that excessive lymphocyte mediated cytotoxic activity is principally responsible for the pathology in respiratory syncytial virus bronchiolitis. The respiratory syncytial virus is unique in its ability to cause yearly epidemics of respiratory disease.1 2 As a result almost all infants will have been infected by the virus by the second year of life and, of these, 05-2% develop acute bronchiolitis severe enough to be admitted to hospital. Results from studies using a formalin inactivated virus3 and other more recent attempts to produce a vaccine suggest that it is unlikely that we will be able to effectively prevent this distressing illness until the immunological mechanisms involved in the disease process, including those aspects conferring protection, are clarified.
Although there have been many studies during the past 25 years attempting to clarify the inflammatory process, most have concentrated on the possible role of antibodies in the genesis of acute bronchiolitis and, until recently, there has been relatively little interest in the role of inflammatory cells. There has been considerable interest in the possible role of cytotoxic T cells as a major contributor to lung pathology. It is known that cytotoxic T cells contribute to recovery from respiratory syncytial virus infection in that immunodeficient infants are prone to severe, prolonged infection with the virus.4 5 Animal studies using rodents have suggested, however, that these cells may also contribute to the lung disease in infants with bronchiolitis6 and analysis of samples obtained from infants vaccinated with a formalin inactivated preparation has produced data which may support this.7
Most studies investigating the role of inflammatory cells involved in the response to human respiratory syncytial virus infections have been carried out in animal models. Unfortunately, results obtained from these experiments are difficult to interpret as these animals are not the natural host for the virus and indeed rarely develop respiratory symptoms when infected. To study the cellular response to the virus in its natural host, we examined the inflammatory cell populations in the upper and lower respiratory tract of infants with acute bronchiolitis during two winter epidemics.
Patients and methods

PATIENTS
Bronchial lavage specimens were obtained from a total of 14 Bronchial lavage was performed at the time of routine endotracheal suction using a technique based on one previously described for obtaining bronchial lavage samples from preterm infants with chronic lung disease.8 Infants were oxygenated for two minutes before the procedure. A suction catheter was passed through the endotracheal tube with the infant's head turned to the left. This was designed to introduce the suction catheter into the right main bronchus. Normal saline (1 ml/kg) warmed to 37°C was introduced via the catheter into the right main bronchus and after a five second delay was aspirated using 8 kPa of suction. The aspirate was collected in a trap which was placed on ice until processing. Nasopharyngeal samples were obtained using a standard technique in which a suction catheter was introduced into the nasopharynx via the nose. Suction was applied as the catheter was withdrawn and the secretions were collected into a mucus trap and placed on ice.
PROCESSING OF SAMPLES
The tracheal aspirates and nasopharyngeal aspirates were agitated with a pipette to break up clumps of mucus and any remaining large aggregates of mucus were then removed with a pipette. The lavage fluid was allowed to stand, so that the residual debris settled to the base of the tube. The sample fluid was then transferred to a second tube and centrifuged at 300 g for five minutes. The resulting supernatant was removed and frozen for subsequent analysis while the pellet of cells was resuspended in normal saline.
DIFFERENTIAL CELL COUNT ON NASOPHARYNGEAL AND BRONCHIAL LAVAGE SAMPLES
Cytocentrifugation preparations were prepared by spinning small samples at 400 g for five minutes at room temperature. The cell preparations were allowed to air dry and were then stained with a May-Grunwald-Giemsa stain. Differential counts were performed by counting a minimum of 500 cells using a standard microscope.
A total of 22 bronchial lavage samples from nine patients, obtained one to eight days after intubation, were prepared during the first winter. Six of these samples were obtained on day 1. Twenty two nasopharyngeal samples were prepared from a total of 20 patients obtained one to seven days after admission.
ALKALINE PHOSPHATASE-ANTIALKALINE PHOSPHATASE IMMUNOCYTOCHEMICAL ANALYSIS OF LYMPHOCYTE SUBSETS
Initial attempts to use flow cytometry (FACS) to determine lymphocyte subsets were unsuccessful as the large number of activated neutrophils appeared to have a wide scatter in terms of size and fluorescence and prevented us from identifying a discrete group of lymphocytes. An alkaline phosphatase-antialkaline phosphatase (APPAP) technique was therefore used on slide preparations.
During the second winter a total of 22 slides from five patients were prepared from bronchial lavage samples and 10 slides from these five patients were prepared from nasopharyngeal aspirates. A 10 [lI volume of cell suspension with approximately 4 X 106 cells/ml was added to each well of a multiwell slide (C A Hendley, London). These were air dried on the bench and stored wrapped in foil at -200C. As exactly 10 RI was added to each well, the number of cells within each well on a given slide should be constant as each slide contained cells from a single sample.
Slides were fixed by placing in acetone for 
were 9% (6-16%) and 10% (8-12%) respectively, whereas eosinophils accounted for less than 1% of all cells seen and were identified within the 500 cells counted in only eight slides. There was no apparent relation between time from intubation and either total cell counts or the proportion of cells represented by neutrophils.
For nasopharyngeal aspirates, neutrophils were again the predominant cell type, accounting for a median of 93% (interquartile range 90 5-94°/O). Corresponding values for lymphocytes and mononuclear cells were 5% (3.3-6.8%) and 2% (2-2-8%) respectively. No eosinophil was noted in any sample. 
Discussion
The most striking observation in this study was the large number of neutrophils present in secretions from the upper and lower airways and it would therefore seem likely that these granulocytes contribute significantly to the inflammation within the airways of these infants. There have been few previous reports attempting to describe Interestingly, it has been reported that chemotaxis and adherence of neutrophils in the first month of life is impaired in term and preterm infants. 24 25 This may account for the relative protection that infants appear to have from acute bronchiolitis in the first month of life when clinically overt infections are uncommon and tend to be mild in those with symptoms. 26 An in vitro study indicated that the virus can activate human eosinophils,27 and a second study found that levels of eosinophil cationic protein in nasopharyngeal secretions from infants with respiratory syncytial virus bronchiolitis were higher than in samples from infants with upper respiratory tract symptoms only.28 The authors of these studies speculated that these granulocytes may play a part in the pathogenesis ofthe acute illness and contribute to persistent airway hyperreactivity. In our study eosinophils were not detected, or present in only low numbers, in samples from the upper and lower respiratory tract. Though eosinophil products are potent stimulators of inflammation within the respiratory tract, the low numbers within the inflammatory cells present in the respiratory tract suggest that they play only a small part in the inflammatory process.
Although the results obtained with bronchial lavage do not necessarily reflect events within the lung parenchyma, our study does not support the suggestion that classical CD3 positive/CD8 positive cytotoxic T cells are central to the immunopathology of this disorder in which infection is apparently confined to the airways and epithelial surface. It remains possible that significant numbers of these cells remain within the parenchyma and contribute to the inflammatory process. One study has attempted to detect circulating cytotoxic T cells directed against respiratory syncytial virus in infants with acute bronchiolitis.29 Such cells were detected in only four of 22 infants and these were those infants with the mildest disease.
In this study it was apparent that a significant percentage of CD positive cells appears not to express the CD4 or CD8 subset markers. Such double negative T cells commonly represent a small (<5%) number of T cells in adult peripheral lymphoid tissues. This population has been shown to be capable of non-major histocompatibility complex restricted cell cytotoxicity, a property which may be important in the context of the present study. Whether this function is operative in vivo in the lungs of infants with respiratory syncytial virus bronchiolitis will require functional assays of such isolated or, indeed, cloned cell populations.
It has been proposed that y positive T cells play an important part in interacting with infectious agents at mucosal surfaces. We were unable to detect any such cells in either the upper or lower respiratory tract of the natural host of respiratory syncytial virus. A study analysing cells obtained by bronchoalveolar lavage from experimentally infected mice found few cells staining for TcRy.30 It was also noted in that study that many of the lymphocytes recovered from the lungs of mice did not express T cell markers. The significance of these findings in mice and humans is unclear.
The main limitation of this study, as with many studies of patients with bronchiolitis, is the absence of suitable controls. Unfortunately, suitable intubated controls were not available and hence the influence of ventilation on the pattern of inflammatory cells observed remains uncertain. Cell differentials and lymphocyte subsets obtained from the upper respiratory tract show similar trends to those obtained from bronchial lavage samples, however, and hence the process of ventilation does not appear to be the major determining factor in the observed results. Another potential problem is that processing of any lavage sample results in a loss of cells and potential selective loss of certain cell types.3' The high proportion of neutrophils obtained in the lavage samples is different to that observed in older children and healthy adults,32 however, in whom macrophages are the predominant cell recovered,33 whereas the large excess of CD4 positive cells over CD8 positive cells suggests that these changes are likely to reflect relative numbers within the airway, even if the absolute values may be influenced by processing of the samples.
This study does not answer the question of whether the immunological process occurring during respiratory syncytial virus infection is different from that occurring in those with upper respiratory tract symptoms only, but in those with upper and lower respiratory tract symptoms the inflammatory process appears to be similar. As the upper respiratory symptoms in those with and without lower respiratory tract disease are similar, it is possible that infants admitted to hospital with acute bronchiolitis do not have a specific underlying immunological predisposition to this disease, but represent one end of the spectrum of disease severity in which the spread of infection to the lower airways, together with factors such as the age of the infant34 35 and relative airways size36 determine the pattern of illness observed. The large numbers admitted to hospital may simply reflect the fact that most infants are infected during their first year of life.
Further studies will be required to determine whether the neutrophil influx observed in infants with bronchiolitis contributes to the elimination of the virus or simply assists the dissemination of the virus through the stimulation of mucus production, coughing, and sneezing.
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